Introduction
During weaving, dyeing and finishing processes, fabric is of course a processing object but sometimes is also a driving component. There is a coupling between fabric and related mechanisms. In general, thin fabric is very flexible, and its flexural stiffness can be neglected. But, when the thick stiff fabric is processed, we must consider its flexural stiffness. Usually, people mostly concentrate on the mechanics research of fabric under stoical or small stress situation, like fabric draping, diagonal stretch and so on. Few literatures dealing with the dynamic characteristics of fabric have been published at home and abroad. This paper makes the preliminary exploration in this aspect. The authors regard the fabric as a flexible plate with small flexural stiffness, and consider its stress-strain as non-linear relations. The nonlinear partial differential equation is derived by appalling the flexible thin plate theory. 1 To whom any correspondence should be addressed. Recently, many concepts in mathematics and mechanics have been successfully applied to model the processing of the textile industry. For example, the conservation laws in fluid mechanics have been applied to establish a quasi-static model for two-strand yarn spinning , the homotopy perturbation method has been applied to solve the nonlinear problems arising in yarn spinning processing .
[1] [2] [3] [4] [ 5, 6] Similarly, the homotopy perturbation method has also been applied [7] [8] [9] [10] to obtain the approximate analytical solution of many nonlinear problems.
Nonlinear Partial Differential Equation of Fabric Vibration
We consider the fabric subjected to a uniform tension in the boundary, and ignore the gravity and damping force, as shown in Fig. 1 
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We consider the following dynamics equations of the fabric element based on flexible thin plate theory 
In Eqs.⑴, the first two are independent, so we have
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Consider the nonlinear stress-strain elastic relations:
, where E is Young's modulus of the fabric and B is a new material constant, then we can have the stresses as follows 
Therefore the strain can be obtained, 
Substituting Eq. ⑺ into Eq. ⑸, and then substituting into Eq. ⑵, we obtain: 
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Boundary conditions are 
Substituting Eq. ⑽ into Eq. ⑾ , we can obtain the following nonlinear ordinary differential equation: 
Conclusion
After considering the nonlinear stress-strain relations, the dynamic equation of fabric with the small stiffness will be the nonlinear partial differential equation. It is very hard to find its analytical solution. We may transform it into nonlinear ordinary differential eq. by the Galerkin method and then the approximate analytical solution can be obtained by the homotopy method. From the approximate analytical solution, we can obtain that when the amplitude is bigger, the natural frequency will be higher.
